A Simple, Biologically Plausible Feature Detector for Language Acquisition.
Language has a complex grammatical system we still have to understand computationally and biologically [Yang, C. Ontogeny and phylogeny of language. Proceedings of the National Academy of Sciences, U.S.A., 110, 6324-6327, 2013; Hauser, M. D., Chomsky, N., & Fitch, W. T. The faculty of language: What is it, who has it, and how did it evolve? Science, 298, 1569-1579, 2002]. However, some evolutionarily ancient mechanisms have been repurposed for grammar [Fitch, W. T. Empirical approaches to the study of language evolution. Psychonomic Bulletin & Review, 24, 3-33, 2017; Endress, A. D., Cahill, D., Block, S., Watumull, J., & Hauser, M. D. Evidence of an evolutionary precursor to human language affixation in a nonhuman primate. Biology Letters, 5, 749-751, 2009; Endress, A. D., Nespor, M., & Mehler, J. Perceptual and memory constraints on language acquisition. Trends in Cognitive Sciences, 13, 348-353, 2009; Dehaene, S., & Cohen, L. Cultural recycling of cortical maps. Neuron, 56, 384-398, 2007] so that we can use insight from other taxa into possible circuit-level mechanisms of grammar. Drawing upon recent evidence for the importance of disinhibitory circuits across taxa and brain regions [Koyama, M., & Pujala, A. Mutual inhibition of lateral inhibition: A network motif for an elementary computation in the brain. Current Opinion in Neurobiology, 49, 69-74, 2018; Koyama, M., Minale, F., Shum, J., Nishimura, N., Schaffer, C. B., & Fetcho, J. R. A circuit motif in the zebrafish hindbrain for a two alternative behavioral choice to turn left or right. ELife, 5. https://doi.org/10.7554/eLife.16808, 2016; Letzkus, J. J., Wolff, S. B., & Lüthi, A. Disinhibition, a circuit mechanism for associative learning and memory. Neuron, 88, 264-276, 2015; Goddard, C. A., Mysore, S. P., Bryant, A. S., Huguenard, J. R., & Knudsen, E. I. Spatially reciprocal inhibition of inhibition within a stimulus selection network in the avian midbrain. PLoS One, 9, e85865, 2014; Hangya, B., Pi, H. J., Kvitsiani, D., Ranade, S. P., & Kepecs, A. From circuit motifs to computations: Mapping the behavioral repertoire of cortical interneurons. Current Opinion in Neurobiology, 26, 117-124, 2014; Xu, H., Jeong, H. Y., Tremblay, R., & Rudy, B. Neocortical somatostatin-expressing GABAergic interneurons disinhibit the thalamorecipient layer 4. Neuron, 77, 155-167, 2013; Mysore, S. P., & Knudsen, E. I. Reciprocal inhibition of inhibition: A circuit motif for flexible categorization in stimulus selection. Neuron, 73, 193-205, 2012; Chevalier, G., & Deniau, J. M. Disinhibition as a basic process in the expression of striatal functions. Trends in Neurosciences, 13, 277-280, 1990], I suggest a simple circuit that explains the acquisition of core grammatical rules used in 85% of the world's languages [Rubino, C. Reduplication. In M. S. Dryer & M. Haspelmath (Eds.), The world atlas of language structures online. Retrieved from http://wals.info/chapter/27, 2013]: grammatical rules based on sameness/difference relations. This circuit acts as a sameness detector. "Different" items are suppressed through inhibition, but presenting two "identical" items leads to inhibition of inhibition. The items are thus propagated for further processing. This sameness detector thus acts as a feature detector for a grammatical rule. I suggest that having a set of feature detectors for elementary grammatical rules might make language acquisition feasible based on relatively simple computational mechanisms.